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电流从1 mA增加50 mA时，虽然芯片温度升高了293 oC，但其EL发光峰位仅红移
了0.56 nm（7.8 meV），表明我们制备的GaN/AlN量子点紫外LEDs具有良好的发光
波长热稳定性。 
















AlGaN-based deep-UV light-emitting diodes (DUV LEDs) have enormous 
potential for a wide range of applications, such as in illumination, printing, sterilization, 
water purification, medicine and biochemistry, and so on. Despite substantial progress 
has been made, the optical power and efficiency of DUV LEDs, especially with 
wavelengths shorter than 300 nm, is relatively lower than that of InGaN-based visible 
LEDs. And this is thought to be due to the difficulty in growth of high quality Al-rich 
AlGaN, strong polarization, low carrier confinement, poor activation of dopants in 
AlGaN alloy, and so on. In this thesis, the systematical studies about the growth and 
conductivity control of high Al-content AlGaN, as well as the new design of active 
region, epitaxy, and fabrication of DUV LEDs, have been performed by the 
metal-organic vapor phase epitaxy (MOVPE) technique and first-principle calculation. 
In order to grow high-quality AlN film, we proposed a hierarchical growth 
approach: alternately flowing the TMAl and NH3 sources, respectively, to avoid the 
pre-reaction, and then co-flowing the TMAl and NH3, to form clusters or molecules to 
coalesce islands even with orientation deviation. The primary growth unit involved in 
each step is different and arranged in hierarchy. As a result, the AlN epilayer is 
constructed with different levels of homolayer quality and compactness. By using this 
approach, crack-free and atomically flat AlN film with root-mean-squared (RMS) 
roughness value of 0.32 nm, 177 and 684 arcsec full width at half-maximum (FWHM) 
of (0002) and (10-12) X-ray rocking curve, respectively, was obtained. Furthermore, 
AlxGa1-xN films were grown over the entire composition range from GaN to AlN. On 
the other hand, the p-type AlGaN layer with hole concentration as high as 3.61×1018 
cm-3 were achieved successfully by applying Mg- and Si-δ-codoped AlxGa1-xN 
/AlyGa1-yN superlattices（x ≥ 0.25，y ≥ 0.4） to modify the polarization field. In addition, 
by tuning the SiH4 flux, high-Al content n-type AlGaN films with high and controllable 














enhance the carrier injection efficiency. 
Using this AlN film as the template, AlGaN-based multiple quantum wells (MQWs) 
with atomically smooth surface and flat hetero-interfaces were epitaxied by introducing 
In as a surfactant during the growth of MQWs structure. It is found that the parasitic 
emissions are dominant in the photoluminescence (PL) spectrum of incompletely 
coalesced AlGaN-based MQWs, whereas they nearly disappear and the emission from 
the well becomes dominant in that of completely coalesced ones. The 
cathodoluminescence (CL) reveals that the parasitic emissions originate from the n-type 
AlGaN and AlN buffer layers, and may associate with defects therein. Additionally, the 
completely coalesced AlGaN-based MQWs exists a strong exciton-localization effect 
and the emission is closely related to the hopping of the excitons. Based on the clarity of 
the origin of parasitic emissions, we propose the new structure of active region with 
n-AlN between the n-type AlGaN and MQWs as the hole-blocking layer. Such 
hole-blocking layer was found to not only block the injected holes, but also enhance the 
well depth and confinement for holes. Furthermore, this new structure was successfully 
realized by MOVPE. As a result, the parasitic emissions are well suppressed under the 
electrical injection, and the single DUV emission from the MQWs is achieved 
eventually. Finally, by adjusting the Al composition of the MQWs, as well as the n- and 
p-type layers, the flip-chip packaged DUV LEDs with well-behaved I-V characteristics 
and strong emissions in the range of 263-308 nm were fabricated. 
On the other hand, considering the better electron-hole pairs confinement benefited 
from a large band gap difference and the better thermal stability, we grew GaN/AlN 
QDs as active layer for improving the performance of nitride-based UV LEDs. Firstly, 
the GaN/AlN QDs with the density of 2.5×109 cm-2 were self-assembly grown on n-type 
Al0.7Ga0.3N by MOVPE. The PL and CL measurements confirm that the GaN/AlN QDs 
emit light as short as 306 nm, which is 0.662 eV higher than the band gap of unstrained 
bulk GaN. More importantly, the QD structure possesses highly desirable characters for 
an efficient UV LED: (1) radiative recombination dominates from 15 to 300 K, leading 














emission wavelength, and (3) linear dependence of the PL intensity and high emission 
wavelength stability with varying excitation power. The fabricated LEDs emit very 
efficiently at 308 nm, practically the same wavelength as the PL, showing high 
temperature stability in both emission wavelength and line width. 
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